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ABSTRACT 


This  report  describes  the  work,  completed  between  No- 
vember l6,  1971,  and  November  15,  1972,  and  is  divided  into 
three  sections: 

A)  Flight  KP  3.40, 

B)  Digital  tape  recorder, 

C)  Detectors  for  the  wavelength  range  5 to  40p.. 


A)  Flight  KP  3.40 

Our  liquid  helium  cooled  telescope  was  flown  on  KP  3.40 
on  an  Aerobee  170  at  00:21  MDT  on  l8  July  1972.  The  telescope 
again  used  the  folded  optical  system  as  shown  in  Figure  1. 

Four  scans  were  made  along  the  galactic  plane  from 

to  +85°.  The  galactic  latitude  varied  from  -1°  to  +1°.  The 

detector  sensitivites  as  follows: 


NEP  (System) 


5-6  p 
8-14 
16-27 
80-120 
200-700 
3oo-l4oo 


1.8  x 10  ^ watts  Hz 


8 x 10"15 
3 x 10"14 
1.6  x 10"15 
7 x 10‘12 
1.5  x 10 
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The  rocket  performance  was  as  follows: 

Vehicle:  Aerobee  170  with  extra  exhaust  bell  on  the 

sustainer  engine 

Launch  Time:  l8  July  1972  00:21  MDT 

Apogee : 215  Km 

Tip  Off  Time:  110  sec 

Tip  Off  Altitude:  l4o  Km 

A premature  deployment  of  the  parachute  resulted  in  para- 
chute failure  and  severe  damage  to  the  payload  on  Impact. 
Although  the  aspect  camera  was  broken  open,  the  film  did  re- 
veal traces  due  to  Jupiter.  It  is  expected  that  aspect  in- 
formation good  to  + 1/4°  will  be  obtained. 
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The  onboard  digital  tape  recorder  (see  section  B)  was 
iestroyed,  but  the  tape  was  recovered  in  good  condition  and 
will  be  used  in  the  data  reduction. 

The  preliminary  analysis  of  the  data  will  be  presented 

in  First  Data  Report. 

B)  Digital  Tape  Recorder 

Because  it  is  impossible  to  completely  eliminate  the 
possibility  of  EMI  from  the  telemetry  transmitter  by  making 
ground  checks,  a digital  tape  recorder  was  designed,  built 
and  flown  on  KP  3.40.  An  interlock  system  was  arranged  to 
interrupt  the  telemetry  transmitter  for  a period  of  30  seconds 
near  apogee  (ground  radar  was  also  interrupted)  if  the  tape 
recorder  was  operating  normally.  All  of  these  functions  opera- 
ted correctly  during  the  flight  and  a post  flight  analysis  of 
the  tape  shows  no  EMI.  Since  the  tape  recorder  operated  with  an 
11  bit  word  length,  its  record  has  7 times  greater  resolution 
than  does  the  TM  record.  Full  use  will  be  made  of  this  increased 
resolution  during  the  data  analysis. 

Design  Philosophy 

The  tape  system  was  designed  to  use  a Computer  Access  Sys- 
tems model  250  tape  transport  with  biphase  encoding.  The  data 
bit  rate  was  8K  band.  Provision  was  made  to  sequentially  sample 
16  analog  input  channels  each  in  the  range  0-5  volts.  The 
analog  signal  was  converted  to  an  II  bit  word  by  an  A/D  converter. 
A digital  multiplexer  then  sc'nned  the  output  of  the  A/D  and 
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clocked  the  data  to  the  recorder.  The  11  bit  data  word, 
were  separated  by  a "1"  bit.  Every  1600  data  words  a 1?  bit 
"o"  sync,  word  was  inserted.  This  sync,  word  also  produced  a 
fiducial  on  the  TM  event  channel  in  order  to  synchronize  the 
TM  and  tape  records  post  flight. 

System  Performance 

Digital  Data  Rate:  8K  band 

Record  Length:  3^0  seconds 

Resolution:  11  bit  digital  (2.5  mv  analog) 

g 

Storage  Capacity:  2.7  x 10  bits 

Sample  Rate:  4o/sec/channel 

Input:  0-5v  30  meg  ohm 

Input  Offset:  2 mv  Typ  (-25  to  +85°c) 

Tape  Speed:  9"/secon^ 

Power  Requirement:  900  mA  ® 7.5  v (supplied  by  5-HR  0.5) 

System  Description 

The  tape  transport,  voltage  regulators  and  batteries  were 
housed  in  an  air  tight  aluminum  bos  (TRB),  the  A/D  and  the  logic 
circuits  were  housed  as  a unit  (SE«),  as  were  the  analog  switches 
(MUL).  A block  diagram  of  the  system  is  shown  in  Figure  2. 

Decoding  0-  ound  Station 

The  ground  station  for  decoding  the  data  in  the  field  is 
shown  on  Figure  3-  Since  only  "quick  look"  capability  was  desired 
the  system  was  designed  to  decode  only  one  channel  at  a time. 
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Only  an  eight  bit  D/A  was  used  for  the  same  reason.  The 
detailed  analysis  will  be  done  with  our  alpha-l6  computer 

at  Cornell  making  use  of  all  11  bits. 

Detailed  schematics  are  available  for  the  entire  system 
MUL,  SEQ,  TRB,  and  the  ground  station  and  will  be  supplied  on 

request. 


C)  Detectors  for  the  Wavelength  Range  5 to  40}i 

Work  on  short  wavelength  detectors  (5-40p)  has  teen  primarily 
devoted  to  fabrication  and  testing  of  copper  doped  germanium 
detectors,  with  some  time  spent  on  the  testing  of  zinc  doped 
germanium  detectors  obtained  from  Santa  Barbara  Research  Center 


( SBRC) . 

The  fabrication  technique  used  closely  follows  that  described 
by  T.  M.  Quist.1)  Germanium  blocks  with  evaporated  copper  layers 
were  baked  in  an  85#  argon,  15#  hydrogen  atmosphere  at  7^5°C  for 
18  hours  followed  by  a rapid  quench.  Various  methods  of  soldering 
indium  contacts  to  3 mm  cubes  cut  from  the  germarium  blocks  were 
tried;  no  method  was  found  to  be  substantially  superior  to  any  other. 

The  NEP's  (Noise  Equivalent  Power)  of  the  detectors  were 
determined  in  the  standard  manner,  using  a 600°C  blackbody  as  a 
reference  source,  and  an  interference  filter  to  define  the  spec- 
tral response  of  the  system  (12-14  microns).  All  detectors 
were  tested  at  4.2°K;  no  attempts  to  test  detectors  at  other 

j to  date  indicate  the  best  copper 

temperatures  were  made.  Results  to  aaie 


1)  Quist , T.  M. , 


Proc.  IEEE,  56,  1212  (1968). 
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doped  detectors  have  NEP's  of  2 x lO'1^  watts,  and  responsibilities 
of  -5-1.5  amps/watt.  These  detectors  are  essentially  background 
photon  noise  limited. 

Zinc  doped  germanium  detectors  supplied  by  SBRC  were  also 
tested  to  determine  their  NEP's.  The  beat  results  to  date  are 
NEP's  of  3-6xlO"10  watts. 
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Figure  1. 


Figure  2. 


Figure  3. 


Optical  layout  of  six  color  infrared  telescope. 

Block  diagram  of  tape  recorder  system. 

Block  diagram  of  tape  recorder  ground  station 
(field  unit). 
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